S EVERE ACUTE PANCREATITIS
(SAP) is characterized by the development of local pancreatic complications, organ failure, or both. 1 The development of persistent multiple-organ dysfunction syndrome (MODS) has been recognized as a major determinant of mortality among patients with SAP 2 ; therefore, it is thought to have a major role in defining SAP. 3 Systemic release of inflammatory mediators in conjunction with systemic activation of leukocytes and microvascular endothelial cells is considered to have a detrimental role in the progression of MODS, which develops early in the course of SAP. 4 Up to one-half of deaths from acute pancreatitis occur during the first week of hospital admission and are related to MODS. 5 In the later course of the disease, death results from persisting MODS accompanied by secondary infection. 6 In SAP, several inflammatory mediators contribute to increased capillary permeability in various organs, 7 which together with aggressive fluid resuscitation may result in visceral edema and the development of intra-abdominal hypertension (IAH). 8, 9 High intra-abdominal pressure (IAP) levels can significantly reduce perfusion of abdominal viscera, rendering tissues susceptible to hypoxic injury that may aggravate systemic inflammatory response syndrome. Reduced renal blood flow can impair renal function 10 ; furthermore, IAH can result in reduced pulmonary compliance and decreased venous return to the heart. 11, 12 Abdominal compartment syndrome (ACS) is a clinical condition that consists of IAH (IAP Ͼ20 mm Hg) and new organ dysfunction. 13 The best treatment for ACS is its prevention by intensive monitoring to avoid excess fluid administration. 12 The firstline management of ACS in SAP should be conservative, but surgical decompression is needed when conservative methods are insufficient.
The fastest and the most effective treatment of ACS is surgical decompression by midline laparostomy, but bilateral subcostal laparostomy 15 or subcutaneous linea alba fasciotomy 16 may be used as an alternative. Although surgical treatment of ACS results in immediate decrease of IAP, the effects on organ dysfunction and mortality have been inconclusive. 17 Patients unsuitable for early closure of an open abdomen may encounter substantial morbidity, including bowel fistulas and giant ventral hernias. 18 Although ACS may exacerbate MODS in patients with SAP, indications and the optimal time for surgical decompression need to be established in this entity. Knowledge about surgical decompression for ACS in patients with SAP is limited and is mainly based on published case series with high mortality. 8, 19, 20 
METHODS
This study is a retrospective analysis of 26 consecutive patients with SAP undergoing surgical decompression for ACS during a 6-year period (January 1, 2002, to December 31, 2007) . Five of these patients have been described earlier.
9,15,16 During 6 years, 1620 patients with 2345 episodes of acute pancreatitis were treated at Helsinki University Central Hospital, Helsinki, Finland. Of these, 226 episodes (9.6%) involved admission to an intensive care unit (ICU) because of SAP and organ dysfunction. Characteristics of the patients are summarized in Table 1 . All patients were treated in the ICU, and admission to the ICU preceded surgical decompression. Intra-abdominal pressure was measured using a Foley bladder catheter (Foley Manometer LV; Holtech Medical, Charlottenlund, Denmark), and IAP values presented herein represent the highest measured IAP of the day. Patients' sequential organ failure assessment (SOFA) scores 21 were calculated daily during the ICU stay. Organ failure was defined as an organ-specific SOFA score of 3 or 4. Acute renal failure was retrospectively classified according to the risk, injury, failure, loss, and end-stage kidney failure (RIFLE) criteria 22 ( Table 2) . Statistical analysis was performed using commercially available software (SPSS 15.0 for Windows; SPSS Inc, Chicago, Illinois). The Mann-Whitney test was used in comparisons of continuous data among independent groups. When appropriate, Wilcoxon signed rank test or Friedman test was used in comparisons of IAP at different time points. 2 Test or Fisher exact test was used in comparisons of proportions. Correlations were tested using Pearson product moment correlation.
RESULTS

SURGICAL DECOMPRESSION
Surgical decompression was performed a median of 1 day (range, 0-29 days) after hospitalization. The time of surgical decompression after disease onset is shown in Figure 1 . The method of surgical decompression was fullthickness midline laparostomy in 18 patients (69%), fullthickness transverse bilateral subcostal laparostomy in 1 patient, and subcutaneous linea alba fasciotomy in 7 patients (27%), 2 of whom underwent completion fullthickness midline laparostomy on postoperative day 1. The primary coverage of abdominal viscera in 21 patients with an open abdomen was a Bogota bag (a self-made plastic silo that was cut from a sterile 3-L genitourinary irrigation bag) in 14 patients and vacuum-assisted closure in 7 patients.
INTRA-ABDOMINAL PRESSURE
The median preoperative IAP was 31. 
ORGAN DYSFUNCTION
At the time of surgical decompression, the median SOFA score among patients was 12 (IQR, 10-15). Twenty-five patients (96%) had MODS, defined by at least 2 organ failures, and 13 patients (50%) had 3 or more organ failures.
As summarized in Table 1 Preoperative renal function and renal function prognosis are summarized in Table 3 . Fifteen of 19 patients without preoperative renal replacement therapy had renal dysfunction (risk, injury, or failure according to the RIFLE criteria). Five of these 15 patients showed improved renal function (increased urine output Ͼ200 mL/d) after surgical decompression, but only 3 of 5 avoided renal replacement therapy.
MORTALITY
The overall hospital mortality was 12 of 26 patients (46%) at a median of 25 (IQR, 18-56; range, 11-129) days after admission. Preoperative renal failure according to the RIFLE criteria, lower preoperative IAP, and longer time to surgical decompression after disease onset were significantly associated with mortality ( Table 4) . As shown in Figure 2 , none of 9 patients in whom surgical decompression was performed 5 or more days after disease onset survived, whereas 14 of 17 patients in whom surgical decompression was performed within the first 4 days after disease onset survived. 
MORBIDITY
The median number of reoperations was 4 (IQR, 2-9; range, 0-17) per patient. Patients with an open abdomen had significantly more reoperations (median, 7 per patient; n=21) than patients with subcutaneous linea alba fasciotomy (median, 2 per patient; n = 5) (P = .03). Subsequent intra-abdominal operations were performed in 17 patients, including necrosectomy in 16 patients, cholecystectomy in 1 patient, splenectomy in 1 patient, and colon resection in 3 patients. In 2 patients, necrosectomy was performed at the same time as surgical decompression 18 and 27 days after disease onset. In both patients, the indication for simultaneous necrosectomy was clinical suspicion of infected pancreatic necrosis because of deterioration of MODS. In 4 patients, subsequent necrosectomy was performed 1 to 5 days after surgical decompression because of deterioration of MODS and suspected or verified infection of pancreatic necrosis 13 to 37 days after disease onset. Four patients developed fistulas (1 biliary, 2 small bowel, and 1 colon). All fistulas developed after necrosectomy or bowel resection. Intra-abdominal infection as determined by microbiologic culture was present in 18 of 21 patients with an open abdomen, whereas intra-abdominal infection was present in 1 of 5 patients with subcutaneous linea alba fasciotomy (P=.01). Infected pancreatic necrosis was diagnosed in 12 patients. Of 17 patients surviving to abdominal closure after full-thickness laparostomy (midline, transverse, or completion), 7 patients underwent primary (one time or gradual) fascial closure a median of 13 (range, 5-31) days after subcutaneous linea alba fasciotomy, and 10 patients underwent split-thickness skin grafting a median of 32 (range, 22-40) days after subcutaneous linea alba fasciotomy.
COMMENT
In the present study, all patients (except 1) with SAP and ACS experienced severe MODS before surgical decompression. An earlier study 23 from our institution showed that patients with SAP and MODS have greater than 50% mortality. Furthermore, patients with SAP and IAP exceeding 25 mm Hg within the first 14 days in the ICU have been shown to have a 50% mortality in our hospital. 9 Considering these earlier findings, the 46% hospital mortality in the present series of patients is comparable to the historical control values. Remarkably, we found that in the subgroup of patients with early surgical decompression the mortality was only 18%, which is considerably lower than the 65% mortality in patients with SAP and early (Յ72 hours after admission) MODS reported by Halonen 24 and is lower than the 35% mortality in patients with SAP and persistent early-organ failure reported by Johnson and Abu-Hilal. 25 Also notable is that no deaths in the present study occurred during the first week of hospitalization, in contrast to other SAP studies. 5, 25 Although several confounding factors may explain these variations among studies, one explanation may be that ACS has a critical role in early SAP mortality and that surgical management of ACS can save patients' lives during the early course of SAP. In contrast, mortality in the present study was related to deterioration of MODS longer than 2 weeks after disease onset, and surgical decompression for ACS at this later stage of SAP did not show any survival benefit.
Although increasing evidence indicates that patients with SAP can develop ACS, 8, 9, 26 little is known about its management in this setting. Abdominal compartment syndrome can be categorized as primary or secondary based on its etiology. 27 According to consensus definitions, 13 patients with SAP who develop ACS have primary ACS because of their abdominal origin of the disease. However, patients with SAP also have some features of secondary ACS, such as primary nonoperative management and highvolume fluid resuscitation. 27 Recommended treatment in patients with primary ACS is prompt surgical decompression, whereas nonoperative methods should be attempted first in patients with secondary ACS. 13 Considering the clinical features of SAP, the logical first-line approach would be conservative, as in secondary ACS. 14 Nonoperative methods for the treatment of IAH are sedation and neuromuscular blockade, nasogastric decompression, evacuation of excess peritoneal fluid, and correction of positive fluid balance, which may include continuous hemodiafiltration. 28 Indeed, our treatment policy in these patients has been that surgical decompression is performed only if conservative management fails.
Indications for surgical decompression in patients with SAP and ACS are unclear. In patients with SAP and deteriorating organ function, the degree to which IAH contributes to the progression of MODS is unknown. Although IAP has been shown to correlate with Acute Physiology and Chronic Health Evaluation II score in patients with SAP, 8 a causal relationship between ACS and MODS in SAP has not been not proven. According to current knowledge, the development of MODS is multifactorial, and inflammatory response has a major role in the pathogenesis. 29 In experimental models, IAH has been shown to increase the release of proinflammatory cyto- kines into circulation and to cause acute lung and liver injury in the presence of circulating activated neutrophils. 30, 31 In patients with SAP, the activation of circulating neutrophils and monocytes is an early event and precedes ICU admission. 4 Considering these factors, the development of ACS could further increase a proinflammatory stimulus that contributes to the development of organ failure in SAP. Therefore, early recognition of ACS and its adequate and timely treatment might prevent the progression of MODS to patient death. Unfortunately, the optimal threshold of IAP that would mandate surgical decompression is unknown. Furthermore, the optimal time for intervention is unclear. According to our mortality data herein, patients with IAP exceeding 25 mm Hg within the first 4 days after disease onset might be good candidates for surgical decompression.
The effect of surgical decompression on MODS was variable. There was no improvement in the daily SOFA score, and few patients showed increased urine output after surgical decompression. Furthermore, respiratory system changes were inconsistent, although patients with a lower ratio of PaO 2 to FIO 2 were more likely to improve their respiratory function. These results are in accord with earlier data reviewed by De Waele et al. 17 Renal function may already be affected when the IAP exceeds 12 mm Hg, and risk for acute renal failure increases with increasing IAP. 32 Restoration of renal function may be sensitive to the duration of ACS. According to the present data, the optimal time until surgical decompression to avoid renal replacement therapy is when the patient is at risk for acute renal failure or renal injury but not failure according to the RIFLE criteria. Although some patients showed no improvement in organ function, their deterioration may have been worse if ACS was left untreated. However, a controlled randomized trial would be needed to prove this.
Substantial morbidity was associated with the need for surgical decompression. Management of an open abdomen is a risk factor for fistulas, and management of fistulas in patients with an open abdomen is challenging. 33, 34 Four patients in the present study developed fistulas, although all of them developed after additional abdominal operations. Most patients with an open abdomen and temporary abdominal closure developed intra-abdominal infection. Furthermore, the proportion of patients who developed infected pancreatic necrosis was high at 46%. Although MODS is a known risk factor for infected pancreatic necrosis, 6 an open abdomen may also serve as a route for contamination. Some patients needed necrosectomy, which probably reflected a high rate of infected pancreatic necrosis and MODS. The low rate of primary fascial closure resulted in several patients with planned hernia requiring subsequent abdominal wall reconstruction. 35 During the study period, a vacuum-assisted closure (V.A.C.; Kinetic Concepts, Inc, San Antonio, Texas) system 36 was introduced, but this did not dramatically change the rate of primary fascial closure (data not shown). A 2007 study 37 described a method of vacuum-assisted wound closure combined with mesh-mediated fascial traction, which might reduce the planned ventral hernia rate.
Because midline laparostomy and an open abdomen are associated with significant morbidity, alternative surgical methods have been developed. Subcutaneous linea alba fasciotomy 16 was initially performed in 7 patients, and bilateral subcostal transverse laparostomy 15 was subsequently performed in 1 patient. The rationale was that primary closure of the abdominal wall would be more likely in patients with transverse laparostomy than in patients with midline laparostomy. Although successful closure was achieved in the patient with transverse laparostomy, additional patient experience is needed to draw any conclusions. Subcutaneous linea alba fasciotomy resulted in significantly decreased IAP levels among patients in the study by Leppäniemi et al, 16 although 2 patients required an additional laparostomy for recurrent ACS on the first postoperative day. Because the decrease in IAP did not correlate with preoperative IAP among the patients undergoing subcutaneous linea alba fasciotomy, we do not recommend this method in patients with IAP exceeding 35 mm Hg, as it may insufficiently treat ACS. Furthermore, patients with subcutaneous linea alba fasciotomy should be closely monitored because they may be at risk of developing recurrent ACS. Potential benefits of the subcutaneous linea alba approach may be lower rates of intraabdominal infections and fistulas. Patients treated by this approach also need fewer operating room resources because there is no temporary abdominal coverage that needs to be changed. However, surviving patients may develop ventral hernia that requires subsequent surgery. For the time being, few data support subcutaneous linea alba fasciotomy or bilateral subcostal transverse laparostomy over midline laparostomy.
In conclusion, this study showed that early surgical decompression for ACS in patients with SAP is associated with reduced mortality. Surgical decompression is effective in decreasing IAP and improves respiratory and renal functions in more than half the patients. An open abdomen in patients with SAP is associated with significant morbidity, high reoperation rate, and low rate of primary fascial closure. Among patients with SAP, those having early MODS and ACS are good candidates for surgical decompression.
